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The general equation of diffusion in a mixed gas in non-uniform motion, in the presence of forces imparting differential accelerations to the two con stituents, and of gradients of composition, pressure, and temperature, has been carried to a second approximation. This adds nine new terms to the expression for the velocity of diffusion, and each term involves as a factor a new 'second order' diffusion coefficient. All the new terms depend on the gradients of the mean motion of the gas, and vanish if this is uniform. One of the new terms is proportional to the space gradient of the tensor that expresses the rate of distortion of the gas; two other terms include parts involving the second space differential coefficients of the mean motion. The other portions of the two latter terms, and the remaining six terms, depend on products of the velocity gradients and the factors that appear in the first-order diffusion equation, namely the gradients of composition, pres sure, and temperature, and the relative accelerations of the two types of molecule.
The expressions for the nine new diffusion coefficients are extremely com plicated, and have been evaluated only approximately.
The new terms in the velocity of diffusion are with one exception negli gible compared with the first-order terms, at pressures above 10~6 atm., except possibly in shock waves where the mean velocity of the gas alters by an appreciable fraction in a distance equal to the mean free path.
The excepted term is the one which depends on the gradient of the rateof-distortion tensor; in certain circumstances this is comparable with, though smaller than, the first-order pressure-diffusion term. It materially reduces the rate of diffusion in a stream of mixed gas flowing under pressure along a fine capillary tube.
Introduction
In the mathematical theory of non-uniform gases (cf. Chapman and Cowling 1939) , successive approximations to the velocity-distribution function / are sought. The first approximation, / (0), has the same form as Maxwell's velocity distribution function for a uniform gas; later approxi mations to / add successive further terms / (1), / (2), ....
The first additional term, / (1), in the case of a simple gas, has two parts, one proportional to certain combinations of the gradients of the velocity components, the other proportional to the temperature gradient; these terms lead to the usual expressions for the viscous stresses in a non-uniformly moving gas, and for thermal conduction in a gas whose temperature is non-uniform. In the case of a mixed g a s,/(1) includes similar terms, and also others which are proportional to the gradients of concentration and pressure, and to the external forces acting on the molecules; the additional terms modify the equation of thermal conduction, and all the terms except those depending on the velocity gradients lead to corresponding terms in the equation of diffusion.
The second additional term, / (2), is much more complicated than f (1\ Burnett (1935) has determined / (2) completely, for a simple gas; partial expressions had previously been given by Maxwell (1867) , Enskog (1917) , and Lennard-Jones (1923) . A simplified approximate derivation o f / (2) for a simple gas is given in Chapter 15 of our book.
The expression for / (2) for a mixed gas has not hitherto been determined. As in the case of a simple gas, it contributes terms which supplement those given by / (1) for the stress-system and the heat-conduction. The coefficients will be even more complicated than those of viscosity and conduction, given by / (1); in the present state of theory and experiment on gases, it does not seem worth while to evaluate them. H ow ever,/(2) also includes terms th a t enter into the expression for the velocity of diffusion, and we have recently considered in what way the ordinary equation of diffusion is modified thereby. This work is briefly described here; we use the relatively simple approximate method which was applied to the case of a simple gas in Chapter 15 of our book. With one exception (cf. §2 (2)) we also use the same notation (cf. § 5) as in that book, to which we refer for numerous details (section or page references being given).
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The general equations
°/ ?> = ^C , .^ +I>;CVrfI.+ K ( '! CI :e, (cf. 15-1 (3)), wherein, departing from the notation of our book (p. 19), namely the velocity-gradient tensor, instead of the symmetrical part of this tensor. The suffixes 1 and 2 refer to the two constituents of the mixture. We also write
The ordinary equation of diffusion is derived from / (1) (p. 144). An addi fusion, C^ -C f\is derived from / (2), where (cf. p. 142) Since D = CD(C), the only terms in the curly brackets which make non-zero contributions to the last two integrals are those of odd degree in C.
The terms of odd degree in ^2) are as follows (see pp. 138(3,7), 139, 261):
The terms of odd degree in are obtained by changing the suffix 1 in (5) into 2, save that the seventh and eighth terms become The terms in ^(2) which involve the factor p(1) do not contribute to the diffusion velocity, by virtue of 8*31 (9) ( cit.). The other terms in ^(2) + </(2) contribute the following nine parts to the diffusion-velocity:
The factors Da, Db, ... in these terms may be called 'second order diffusion coefficients'. Each term in (5), after the first, corresponds to one term in (8), the order of corresponding terms in the two expressions being the same. The terms of (7) contribute to De and Dg alone.
Approximate evaluation of the second order D IF F U SIO N CO EFFICIENTS
The functions A ', B', D' and D occurring in the integrals giving the diffusion coefficients are considered in Chapter 8 of our book. They are expressible as infinite series: the formulae for successive terms in these series rapidly increase in complexity, and usually only the first one or two terms are considered; fortunately the series converge rapidly, so th at results numerically accurate within a few per cent can thus be obtained.
We have evaluated the second-order diffusion coefficients using one-term approximations to B ', D' and D, and two-term approximations to A '. A high order of accuracy is not to be expected, but the order of magnitude is all that is required for most purposes. The details of the calculations will not be given.
Our approximate expressions are as follows:
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(e) The coefficient De can be divided into three parts, D', D"e, and corresponding respectively to the parts of the sixth term of (5) involving dB'/dT and d A ' / d C2 , and to the contribution from J (2). We find
jy, _ 2 nhnxm2 DX2D T T pp
The approximation to D'e is complicated, but when the molecules 1 and 2 are of nearly equal mass, and have identical fields of force, it is of the form
where A is a number which depends on the law of intermolecular force; for molecules whose interaction is proportional to it is tabulated on p. 172 of our book.
The calculation of D'", like that of the J-term in Dg, is more com plicated than that of the terms arising from (cf. Chapter 15 of our book), but its order of magnitude can be inferred without an exact calculation; for Maxwellian molecules D'" vanishes, and in general it is comparable with D", which has the same property.
(/) We similarly divide Df into parts D'f, D"f , the first corresponding to the part of the seventh term of (5) and in more general cases this equation will give the order of magnitude of D'f. For mechanically similar molecules D"f vanishes to this degree of approximation, and in more general cases it will be a numerical multiple of pD T/p-, the numerical factor will depend on the concentration ratio.
, the first two c the parts of the eighth term of (5) 
(h) The coefficient Dh vanishes to our degree of approximation; it is in general a numerical multiple of / iD Tj p 2; the numerical f the concentration ratio.
(i) The magnitude of the coefficient will be similar to th at of D'e; for molecules of nearly equal mass and identical fields of force n _ 4 -3^4 n(m2 -m1) n v * -2 + z ay P
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Discussion of the second-order diffusion terms
The new terms in the diffusion equation involve A , defined by
and d 12, defined (p. 140) by 3%o %w2(m2-m x) 9 log _ ptp2 dr np dr pp 9 also (p. 138) -F 2) r Consequently all the new terms depend on the velocity-gradient, and vanish if the mass-velocity c0 is uniform. This makes the corresponding diffusion velocities difficult to observe, since the presence of turbulence, even to a slight degree, is sufficient to mask diffusion. The terms (c) and (d) involve dA dand (i) involves g^.e, both of which are combinations of the second space derivatives; otherwise, the terms involve only products of the first space derivatives of c0, multiplied by F 1 -F 2 or by the first space derivatives of T, n10 or p. We proceed to compare the terms with the first-order terms in the diffusion velocity, derived from / (1).
The term (a) may be compared with the thermal diffusion term in the ordinary equation of diffusion, which is
D r dT n10n20-^'
the ratio of (a) to this term is of order n2m1m2 pp AD12.
If m, C, l denote respectively the mean molecular mass and speed, and the mean free path, then p = rim, and p and D12 are respectively of order nmC2 and 1C. Hence the ratio is of order IA/C, and therefore the term (a) is comparable with the ordinary thermal diffusion term only if A is so large that the mean velocity of the gas alters by an appreciable fraction of the velocity of sound in a distance equal to the mean free path (p. 271). Hence, except possibly in shock waves, the term (a) can be neglected at pressures above 10 6 atm. Diffusion in a shock wave is, in any case, not im portant for the separation it produces; but it may have an effect on the propagation of the wave, like viscosity and thermal conduction. The other second-order (or / ,2i) diffusion terms which do not involve second-order space-derivatives of c0 are likewise negligible compared with analogous first-order (o r /(1)) terms, save in similar extreme conditions. g_ Hence the last component of is
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(dp dw0\ 1 / , Pwl) dp
approximately, since w J Ci s in general small. The ratio to this of w0 d2p p 2 is of order lw0^^j C^-, which is in general small; hence, since the coeffi cients are of the same order, the diffusion velocity arising from the dA I dr terms is in general small compared with th at arising from the 2-component of d/dr. e. The latter is Djdp = 2 -f d dp 2pdz 2 + 3 App
In the circumstances of this problem, the only term in the first order diffusion velocity is that depending on the pressure gradient, namely (p. 244), pp 12 dp dz '
The second order term is of opposite sign to this, and its magnitude is smaller in the ratio (2 - §d)/(2 + 3d). This ratio is less than unity, but is not small, so that the second order term in this case makes a significant contribution to the diffusion velocity. This, however, is because in the present problem dp/dz is itself proportional to fi, for given velocity gradients, so th a t the first order pressure diffusion term depends on a product of Z>12 and fi. The diffusion is important only if d logp/dz is of the same order as dnl0/dz in ordinary diffusion experiments, i.e. in flow in very fine capillary tubes, or at very low pressures.
The likelihood of a significant second-order contribution to the pressure diffusion term in these circumstances was indicated to us by Professor R. Peierls, and it was in consequence of this th at we undertook the present investigation. The factor (2 - § d )/(2 + 3d) is ^ or 0-437 for rigid elastic spherical molecules; for Maxwellian molecules, interacting according to the inverse fifth power of the distance, it is 0-345. These values are only approxi mations, which in any case refer only to a gas mixture in which the molecular 169 masses are nearly equal and the molecular interactions all follow the same distance law. For this case the numerical factors are probably correct within 10 or 15 %; hence the second approximation reduces the ordinary pressure diffusion by between ^ and \ its magnitude. When the two mole cular masses are very different, the value of the numerical ratio of the / (2) to the / (1) term may be very different from (and perhaps less than) th at for the case of nearly similar molecules, here considered.
